New fossils from Jebel Irhoud, Morocco and the pan-African origin of Homo sapiens by Hublin, Jean-Jacques et al.
Kent Academic Repository
Full text document (pdf)
Copyright & reuse
Content in the Kent Academic Repository is made available for research purposes. Unless otherwise stated all
content is protected by copyright and in the absence of an open licence (eg Creative Commons), permissions 
for further reuse of content should be sought from the publisher, author or other copyright holder. 
Versions of research
The version in the Kent Academic Repository may differ from the final published version. 
Users are advised to check http://kar.kent.ac.uk for the status of the paper. Users should always cite the 
published version of record.
Enquiries
For any further enquiries regarding the licence status of this document, please contact: 
researchsupport@kent.ac.uk
If you believe this document infringes copyright then please contact the KAR admin team with the take-down 
information provided at http://kar.kent.ac.uk/contact.html
Citation for published version
Hublin, Jean-Jacques and Ben-Ncer, Abdelouahed and Bailey, Shara E. and Freidline, Sarah E.
and Neubauer, Simon and Skinner, Matthew M. and Bergmann, Inga and Le Cabec, Adeline and
Benazzi, Stefano and Harvati, Katerina and Gunz, Philipp  (2017) New fossils from Jebel Irhoud,
Morocco and the pan-African origin of Homo sapiens.   Nature, 546  (7657).   pp. 289-292.  ISSN
DOI
https://doi.org/10.1038/nature22336





































17  ?ǡǡ ? ? ? ? ?ǡ

 




20 ǡǡ ? ? ? ? ?ǡ
 













27 Fossil evidence points to an African origin of Homo sapiens from a group called
 
28 either H. heidelbergensis or H. rhodesiensis. However, the exact place and time of
 
29 our species emergence remain obscure because the fossil record is scarce and the
 
30 chronological age of many key specimens remains uncertain. In particular, it is
 
31 unclear whether the present day modern morphology emerged rapidly ca. 200
 
32 thousand years ago (ka) among earlier representatives of H. sapiens 1 or evolved
 
33 gradually over the last 400 ka2. Here, we report on new human fossils from Jebel
 
34 Irhoud (Morocco), and interpret the affinities of the hominins from this site with
 
35 other archaic and recent human groups. We identified a mosaic of features
 
36 including a facial, mandibular and dental morphology that aligns the Jebel Irhoud
 
37 material with early (EMH) or recent anatomically modern humans (RMH) and a
 
38 more primitive neurocranial and endocranial morphology. In combination with
 
39 the new date of 300-350 ka3, this evidence makes Jebel Irhoud the oldest and
 
40 richest African Middle Stone Age hominin site documenting early stages of the H.
 
41 sapiens clade in which key features of modern morphology were established.
 
42 Furthermore, it shows that the evolutionary processes behind the emergence of
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Shape analysis of the face, endocast and cranial vault
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Crown outline analysis (Extended Data Figure 3a)
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Molar and premolar enamel-dentine junction shape analysis (Extended Data Figure 
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Tooth root shape analysis (Extended Data Figure 3)
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Mandibular metric data (Extended Data Table 2 and Extended Data Figure 1c)
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Dental metric and non-metric data (Extended Data Tables 3, 4 and 5)
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Figure 1 | Facial reconstruction of Irhoud 10, frontal (a) and basal (b) views. This Procrustes 
superimposition of Irhoud 10 (beige) and Irhoud 1 (light blue) represents one possible 
alignment of the facial bones of Irhoud 10. Multiple alternative reconstructions (n=9) were 
included in the statistical shape analysis of the face (see Methods and Figure 3). The maxilla, 
zygomatic bone and supra-orbital area on Irhoud 10 are more robust than on Irhoud 1. Scale 
is 20 mm. 
 
 
Figure 2 | Irhoud 11 mandibule (lateral and cranial views). See Methods for the 
reconstruction. The bi-condylar breadth of the Irhoud 11 mandible exactly fits the width of 
the corresponding areas on the Irhoud 2 skull. Scale is 20 mm. 
 
 
Figure 3 | Comparative shape analysis. a, PCA of the facial shape. EMH and RMH are well 
separated from Neanderthals and archaic MP hominins. Irhoud 1 and all nine alternative 
reconstructions of Irhoud 10 (pink stars and pink 99% confidence ellipse, see Methods) fall 
within the RMH variation. b, PCA of endocranial shape. RMH (blue), Neanderthals (red) and 
Homo erectus (green) are separated. Archaic MP Hominins (orange) plot with Neanderthals. 
Irhoud 1 and 2 (pink stars) and some EMH (black) fall outside the RMH variation. Shape 
differences are visualized in Extended Data Figure 5a. Sample compositions and abbreviations 

















Extended Data Table 1| List of hominin specimens. Starting with the 2004 excavation, 
specimens were given ID numbers from the project catalogue. Layer 18 of the excavation by 
de Bayle des Hermens and Tixier
6 
corresponds to Layer 7 of the 2004-2011 excavation. 
 
 
Extended Data Table 2| Measurements of the Irhoud 11 mandible after reconstruction. They 
are compared to those of five groups of fossil hominins. Values in mm. xࡄ = mean value, ı = 
standard deviation, n= sample size. The value with ? is an estimate. Data sources and sample 
compositions are in Methods. 
 
 
Extended Data Table 3| Dental measurements (upper dentition) BL = Bucco-lingual width, 
MD = Mesio-distal length. Values in mm.  x ำ = mean value; minimum and maximum values are 
between square brackets;  ʍ = standard deviation; n= sample size. Values in parentheses 
represent uncorrected measurements on worn or cracked teeth. Data sources and sample 




Extended Data Table 4| Dental measurements (lower dentition). BL = Bucco-lingual width, 
MD = Mesio-distal length, RL = Root Length. All values in mm.  x ำ = mean value; minimum and 
maximum values are between square brackets; ʍ = standard deviation; n= size of the sample. 
Values in parentheses represent uncorrected measurements on worn or cracked teeth. Data 




Extended Data Table 5| Morphological dental trait comparison 
 
Numbers given are trait frequencies score at the enamel surface. Sample sizes are in brackets. 





Extended Data Figure 1 | Mandibular morphology. a, Symphyseal section of Irhoud 11 
mandible showing the mental angle. b, Mental area of Irhoud 11 before virtual reconstruction 
(top) and Irhoud 3 (bottom). Both figures are surface models generated from micro CT data. 
c, Bivariate plot of mandibular corpus breadth versus height at the mental foramen. Values in 
 mm. Irhoud 11 plots with EMH and displays one of the largest corpus height among middle to 
late Pleistocene hominins. n indicates sample size. Data sources and sample compositions 
are in Methods. 
 
 
Extended Data Figure 2 | a, shapespace PCA plot of late early and middle Pleistocene 
archaic Homo, Neanderthals and RMH M
1 
crown outlines. The deformed mean crown 
outlines in the four directions of the PCs are drawn at the extremity of each axis. Sample 
compositions and abbreviations are in Methods. b, Enamel-dentine junction (EDJ) 
morphology of the M2 and P4. At top left a PCA analysis of EDJ shape of the M2 places Irhoud 
11 intermediate between H. erectus and RMH (along with other north Africa fossil humans) 
and distinct from Neanderthals. Surface models illustrate EDJ shape changes along PC1 
(bottom left) and PC2 (top right); the former separating H. erectus from RMH, Neanderthals 
and North African EMH and the latter separating Neanderthals from RMH and north African 






Extended Data Figure 3 | Shape analysis of I2 roots. A between-group PCA shows a complete 
separation between Neanderthals and a worldwide sample of recent modern humans based 
on subtle shape differences. Irhoud 11 (magenta) plots at the fringes of RMH, close to the 
EMH from Temara. Colour-coded Procrustes group mean shapes are plotted in the same 
orientation as the I
2 
root surface of Irhoud 11. Although Irhoud 11 is more similar, overall, to 
Neanderthals in terms of root size, its root shape is clearly modern. The Homo erectus s.l. 
specimen KNM-WT 15000 and hypothetical EMH Tabun C2 have incisor root shapes similar to 
Neanderthals, suggesting that roots that are labially more convex than in RMH represent a 
conserved primitive condition with limited taxonomical value. Sample compositions and 






Extended Data Figure 4 | Shape analysis of external vault. a, Principal component (PC) scores 
1 vs. 2 of external braincase shape in Homo erectus, MP archaic Homo, a geographically 
 diverse RMH and Neanderthals. Results are consistent with the analysis of endocranial shape 
(Figure 3a). However, several EMH and Upper Palaeolithic specimens fall outside the RMH 
variation. This is likely due to the projecting supraorbital tori in these specimens. b, Shape 
changes associated with PC 1 (two standard deviations in either direction) shown as thin-plate 
spline deformation grids in lateral and oblique view. PC 1 captures a contrast between 
elongated braincases with projecting supraorbital tori (low scores in black), and a more 
globular braincase with gracile supraorbital tori (high scores in red). Sample compositions and 





Extended Data Figure 5 | Facial and endocranial shape differences among Homo groups. 
Visualizations of GMM shape analyses in Figure 3. a, Average endocranial shape differences 
Homo erectus, recent Homo sapiens, and Neanderthals. Thin-plate spline (TPS) grids are 
exaggerated. b, Visualisation of shape changes along principal component (PC) 1 in Figure 3b  
in frontal, lateral and superior view; two standard deviations in either direction from the  
mean shape (grey, negative; black: positive). c, Shape changes along PC 2. All recent and fossil 
modern humans (low scores along PC 2) share smaller, orthognathic faces, that differ from the 
larger, robust and prognathic faces of the middle Pleistocene humans and Neanderthals (high 
scores along PC 1). Arrow length is colour coded (short: blue; long: red). As these 
visualisations are affected by the Procrustes superimposition, we also show TPS-grids in the 
 
maxilla and the supraorbital area. The arrow points to the plane of the maxillary TPS (red) in 
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xࡄ = 96.93 xࡄ = 102.13 xࡄ = 92.57 xࡄ = 93.75 
 
xࡄ = 98.59 
ı = 11.84 ı = 6.22 ı = 11.62 ı = 13.93 ı = 9.67 






xࡄ = 35.54 xࡄ = 36.48 xࡄ = 36.62 xࡄ = 38.0 
 
xࡄ = 32.64 
ı = 3.79 ı = 1.63 ı = 2.45 ı = 2.00 ı = 2.38 






xࡄ = 66.13 xࡄ = 72.1 xࡄ = 69.86 xࡄ = 68.46 
 
xࡄ = 61.75 
ı = 5.81 ı = 1.48 ı = 3.23 ı = 3.54 ı = 3.88 






xࡄ = 70.24 xࡄ = 74.86 xࡄ = 71.9 xࡄ = 72.03 
 
xࡄ = 66.62 
ı = 6.22 ı = 2.78 ı = 3.29 ı = 4.16 ı = 4.07 
n = 11 n = 5 n = 11 n = 4 n = 26 
 































x ำ = 10.3 
[9.7-11.9] 
ʍ = 0.7 n=12 
x ำ =9.8 
[8.8-10.7] 
ʍ =0.7 n=6 
x ำ = 9.7 
[8.9-10.5] 
ʍ =1.1 n=2 
x ำ = 10.0 
[8.8-11.4] 
ʍ = 0.7 n=26 
x ำ = 9.3 
[8.5-10.4] 
ʍ = 0.6 n=11 
x ำ = 8.3 
[7.0-9.8] 















x ำ = 9.6 x ำ = 8.7 x ำ = 9.3 x ำ = 8.8 x ำ = 8.4 
 
x ำ = 7.7
[8.5-10.3] [7.7-9.9] [8.9-9.6] [7.0-10.0] [7.5-9.7] [6.2-8.8]



















x ำ = 11.7 x ำ = 10.9  
-- 
x ำ =10.7 x ำ =10.4 
 
x ำ = 9.4
[10.4-12.9] [10.5-12.1] [9.1-11.9] [10.0-11.1] [7.9-11.2]














x ำ = 8.3 x ำ = 8.8  
-- 
x ำ = 8.0 x ำ = 7.7 
 
x ำ = 7.1
[7.4-9.1] [8.0-10.7] [6.2-9.3] [7.0-8.7] [5.6-8.6]



















x ำ = 11.3 x ำ = 11.1 xࡄ =11.3 x ำ = 10.5 x ำ = 10.4 
 
x ำ = 9.5
[9.9-13.4] [9.9-12.2] - [8.2-11.7] [9.7-11.5] [7.6-12.3]














x ำ = 8.1 x ำ = 8.0 xࡄ = 7.9 x ำ = 7.6 x ำ = 7.1 
 
x ำ = 6.9
[7.2-9.2] [7.3-8.4] - [5.7-8.8] [7.0-9.3] [5.4-11.3]



















x ำ = 13.0 x ำ = 12.1 x ำ = 12.8 x ำ = 12.2 x ำ = 12.6 
 
x ำ = 11.5
[11.7-14.7] [10.9-14.4] [11.8-13.8] [11.2-14.2] [11.2-15.2] [9.8-13.6]














x ำ = 11.8 x ำ = 11.5 x ำ =12.4 x ำ = 11.5 x ำ = 11.5 
 
x ำ = 10.7
[10.0-13.6] [10.5-12.7] [10.0-12.4] [8.5-13.6] [9.9-13.9] [8.7-13.3]



















x ำ = 13.3 x ำ = 13.3 x ำ = 12.5 x ำ = 12.8 x ำ = 12.3 
 
x ำ = 11.6
[11.3-15.5] [11.3-16.3] [11.2-12.2] [11.2-16.2] [10.5-13.7] [9.1-14.1]














x ำ = 11.6 
[10.2-13.6] 
ʍ =1.2 n=10 
x ำ = 10.9 
[9.7-12.4] 
ʍ = 0.9 n=9 
x ำ = 11.1 
[10.2-11.7] 
ʍ = 0.8 n=3 
x ำ = 11.0 
[9.3-13.1] 
ʍ = 1.1 n= 18 
x ำ = 10.3 
[8.6-11.8] 
ʍ = 0.8 n=9 
x ำ = 9.9 
[7.1-12.2] 




















x ำ = 12.2 x ำ = 11.9 x ำ = 11.5 x ำ = 12.3 x ำ = 11.7 
 
x ำ = 11.1
[10.4-15.3] [10.1-13.3] [11.0-11.9] [8.6-14.2] [9.7-13.5] [7.6-14.4]














x ำ = 10.0 x ำ = 9.0 x ำ = 10.0 x ำ = 10.4 x ำ = 9.3 
 
x ำ = 8.9
[8.7-12.4] [8.0-11.0] [9.8-10.2] [8.4-13.9] [8.6-10.9] [6.1-12.8]
ʍ = 1.0 n=11 ʍ = 0.9 n=7 ʍ = 0.3 n=2 ʍ = 1.1 n=19 ʍ = 0.5 n=6 ʍ = 1.1 n=115
 
Extended Data Table 3 
  




















xࡄ =6.9 xࡄ =7.3 xࡄ =7.4 xࡄ = 6.6 
 
xࡄ = 5.8
[6.4-6.9] [6.4-7.5] [7.2-7.4] [6.8-8.2] [5.8-7.6] [4.8-6.8]










xࡄ =5.7 xࡄ =6.2 xࡄ =5.5 xࡄ =5.6 
 
xࡄ = 5.4
[5.8-6.6] [4.9-7.5] [5.9-6.4] [4.3-6.3] [4.5-6.8] [4.2-6.8]












xࡄ =17.2 xࡄ =14.4 
 
xࡄ = 12.7
- - [13.8-20.9] [13.7-16.6] [10.1-16.7]
















xࡄ =7.5 xࡄ =7.8 xࡄ =7.7 xࡄ =7.1 
 
xࡄ = 6.2
[6.8-8.3] [6.7-8.6] - [6.8-8.1] [6.4-8.0] [4.9-7.7]










xࡄ =6.6 xࡄ =7.4 xࡄ =6.5 xࡄ =6.6 
 
xࡄ = 6.0
[7.2-7.9] [6.3-7.8] - [5.2-7.5] [5.7-7.8] [5.0-6.8]












xࡄ =18.4 xࡄ =15.4 
 
xࡄ = 14.1
[17.1-20.1] - [14.8-21.6] [13.7-17.3] [10.7-18.4]
















xࡄ =8.5 xࡄ = 8.8 xࡄ =9.2 xࡄ =8.6 
 
xࡄ = 7.6
[8.3-9.6] [5.9-9.8] [7.7-10.0] [7.8-10.3] [7.0-10.2] [6.0-9.4]










xࡄ =7.6 xࡄ = 7.8 xࡄ =8.0 xࡄ =8.2 
 
xࡄ = 6.8
[8.0-8.9] [6.7-8.7] [7.2-8.4] [6.9-9.0] [6.4-10.0] [5.4-8.1]












xࡄ =20.7 xࡄ =17.8 
 
xࡄ = 16.6
- [16.1-25.6] [16.1-19.8] [13.2-19.2]














xࡄ =9.0 xࡄ = 9.7 xࡄ =9.1 xࡄ =9.1 
 
xࡄ = 8.0
[8.9-11.5] [8.4-10.0] [9.4-10.0] [7.2-10.3] [8.0-12.2] [6.4-10.2]










xࡄ =7.9 xࡄ =9.4 xࡄ =8.0 xࡄ =8.2 
 
xࡄ = 7.1
[7.9-9.9] [7.4-8.4] [8.8-10.0] [6.3-9.9] [7.2-11.0] [5.8-8.6]














xࡄ =8.6 xࡄ =9.9 xࡄ =9.3 xࡄ =9.3 
 
xࡄ = 8.4
[9.6-11.7] [7.2-10.1] [8.7-11.1] [7.6-11.1] [7.8-10.9] [6.8-10.8]










xࡄ = 7.4 xࡄ =8.9 xࡄ =7.9 xࡄ =7.8 
 
xࡄ = 7.2
[7.2-9.9] [6.6-9.5] [7.5-10.3] [5.7-11.8] [7.0-9.6] [5.6-10.4]














xࡄ =10.6 xࡄ =11.7 xࡄ =11.1 xࡄ =11.7 
 
xࡄ = 10.7
[10.7-13.5] [9.7-11.5] [10.5-12.6] [9.7-12.9] [10.5-14.3] [8.6-12.6]










xࡄ =11.2 xࡄ =12.8 xࡄ =11.8 xࡄ =12.6 
 
xࡄ = 11.4
[12.1-14.9] [10.6-12.0] [11.9-13.8] [10.1-13.6] [10.8-14.2] [9.2-13.5]














xࡄ =10.4 xࡄ =11.5 xࡄ =11.1 xࡄ =11.0 
 
xࡄ = 10.4
[11.7-14.3] [8.6-12.4] [10.3-12.9] [9.6-12.4] [9.2-12.7] [8.6-12.5]










xࡄ =11.5 xࡄ =12.8 xࡄ =12.0 xࡄ =11.7 
 
xࡄ = 10.9
[12.5-14.4] [9.7-14.8] [12.0-13.8] [10.5-14.0] [10.2-14.2] [8.9-14.3]














xࡄ =10 xࡄ =11.4 xࡄ =10.8 xࡄ =10.8 
 
xࡄ = 10.4
[11.0-14.2] [8.7-11.3] [10.6-12.3] [7.9-13.1] [9.2-12.8] [8.6-12.6]










xࡄ =11.2 xࡄ =13.3 xࡄ =11.8 xࡄ =11.8 
 
xࡄ = 10.8
[10.9-14.7] [9.4-12.7] [12.3-15.2] [9.4-13.9] [10.1-13.8] [8.2-12.6]
ı =1.3 n = 6 ı =0.9 n = 10 ı =1.3 n = 4 ı =0.9 n = 26 ı = 1.1 n =14 ı = 1.0 n = 119
 











P4 Lingual Cusps [pres. >1] 
 
50 (2) 85.7 (7) 50 (4) 50 (2) 97 (31) 
 
71.4 (7) 66.7 (173) 
P4 Metaconid position 
[pres = mesial] 
 
100 (2) 90.9 (11) 100 (5) 66.7 (3) 97 (32) 
 
62.5(8) 80.6 (177) 
P4 Transverse Crest 
[pres. >0] 
 
0 (2) 36.4 (11) 40 (5) 75 (4) 90 (31) 
 
12.5 (8) 4.5 (177) 
P4 Distal Accessory Ridge 
[pres. >0] 
 
50 (2) 75 (8) 100 (3) 100 (2) 87 (15) 
 
66.7 (3) 47.1 (145) 
P4 Mesial Accessory Ridge 
[pres. >0] 
 
0 (2) 0 (7) 25 (4) 100 (2) 13 (25) 
 








37.5 (8) 0.8 (119) 
P4 Fissure Pattern 
[pres. = U] 
 
0 (2) 0 (5) 0 (3) 0 (2) 0 (14) 
 
75 (4) 72.9 (145) 
M1 Middle Trigonid Crest 
[pres. >0] 
 
0 (2) 33.3 (12) 88.9 (11) 50 (2) 92.9 (28) 
 
35.7 (14) 1.4 (207) 
 
M1 Protostylid [pres.>2] 
 
50 (2) 50 (8) 0 (9) 33.3 (3) 0 (38) 
 
11.8 (17) 0.5 (218) 
 
M1 Cusp 6 [pres. >0] 
 
100 (2) 28.6 (7) 33.3 (6) 100 (1) 38 (21) 
 
0 (12) 18.1 (200) 
 
M1 Cusp 7 [pres. >0] 
 
100 (2) 50 (12) 12.5 (8) 0 (2) 18 (33) 
 
45.0 (20) 9.7 (236) 
M2 Y Groove Pattern 
[pres. = Y] 
 
50 (2) 91.7 (12) 57.1 (7) 0 (1) 79 (33) 
 
76.9 (13) 28.6 (242) 
 
M2 Cusp number [pres.= 4] 
 
0 (2) 0 (13) 0 (7) 0 (3) 0 (37) 
 






10, 21, 22 






Shoveling [pres >1] 
 
Present (1) 100 (3) -- 100 (1) 100 (15) 
 






Present (1) 0 (2) -- 100 (1) 88.9 (9) 
 
60 (5) 38.1 (118) 
C Distal Accessory Ridge 
[pres. >0] 
 
Present (1) 66.7 (3) -- 100 (1) 62.5 (8) 
 






0 (2) 0 (8) 0 (4) 0 (1) 5.9 (34) 
 






0 (2) 0 (8) 0 (4) 0 (1) 2.9 (34) 
 




Cusp 5 [pres. >0] 
 
Present (1) 0 (2) 67.7 (3) 100 (1) 63.6 (22) 
 






0 (2) 33.3 (3) 0 (1) 72 (25) 
 




Parastyle [pres. >0] 
 
Absent (2) 0 (1) 0 (2) 0 (1) 20.8 (24) 
 
0 (14) 0.8 (299) 
M
1 
Mesial Accessory Cusps [pres 
>0] 
 
Absent (1) -- 0 (2) -- 45.4 (11) 
 
100 (2) 67.1 (132) 
 




















Extended Data Figure 5 
